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(53) [Subject of Invention] 

Non-alkali glass and liquid crystal display 
(57) [Summary] 
[Task] 

The objective is to obtain a non-alkali glass which 
possesses strain point * 640°C, thermal expansion coefficient 
30—45 x 10' 7 /°C and would not become cloudy by BHF and is also 
superior in acid durability. 
[The Means for Achieving the Task] 

It is composed of, expressed in mol %: Sio 2 : 60-72, A1 2 0 3 : 
5-16, B O-: 5-less than 10, MgO: 0-6, CaO: 0-2.5, SrO: 1-9, BaO: 
1-5. 
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[Scope of the Patent Claim] 

[Claim Item 1] A non-alkali glass which is essentially composed 
of, expressed in mol %: Si0 2 : 60-72%, Al^ : 5-16%, B^: 5-less 
than 10%, MgO: 0-6%, CaO: 0-2.5%, SrO: 1-9%, BaO: 1-5%, MgO + 
CaO + SrO + BaO: 7-18%. 

[Claim Item 2] In the non-alkali glass described in Claim Item 
1, it contains essentially no phosphorus. 

[Claim Item 3) In the non-alkali glass described in Claim Item 
1 and 2, it contains essentially no PbQ, As 2 0 3 and Sb^ . 
[Claim Item 4] In the non-alkali glass described in any one of 
Claim Item 1 through 3. the strain point is higher than 640°C 
[Claim Item 5] In the non-alkali glass described in any one of 
Claim Item 1 through 4, the thermal expansion coefficient is 



30—45 X 10 7 /°C 



[Claim Item 6] In the non-alkali glass described in any one of 
Claim Item 1 through 5, it is essentially composed of, expressed 
in mol %: Si0 2 : 66-70%, Al^: 9-14%, B 2 0 3 : 6-9%, MgO: 1-5%, 
SrO: 2-8%, BaO : 1-5%, MgO + SrO + BaO: 9-16%, and it contains 
essentially no phosphorus and CaO. 

[Claim Item 7] In the non-alkali glass described in any one of 
Claim Item 1 through 6, the strain point is higher than 650°C. 
[Claim Item 8] In the non-alkali glass describe in any one of 
Claim Item 1 through 7, the thermal expansion coefficient is 30 
X 10~ 7 /°C— 40 X 10" 7 /°C. 

[Claim Item 9] A liquid crystal display panel in which the 
non-alkali glass described in any one of Claim Item 1 through 8 
is used at least for one side substrate of the one pair of 
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substrates forming the cell. 

[Detailed Explanation of the Invention] 

[0001] 

[Technical Fields belonging to the Invention] The present 
invention is related to a non-alkali glass which is suitable as 
the substrate glass for various displays or photomasks; and the 
glass contains essentially no alkali metal oxide and can be 
formed by the float process . The present invention is also 
related to the liquid crystal display panel utilizing this 

glass . 
[0002] 

[Conventional Technology) Hitherto, for the substrate glass to 
be used for various displays, especially those formed with metal 
or oxide thin film, etc. on the surface; the properties below 

are required. 

[0003] (1) When it contains alkali metal oxide, the alkali 
metal ions would diffuse into the thin film to degrade the film 
property; thus it should contain essentially no alkali ions. 

(2) In the thin film forming process, it would be exposed to 
high temperature. Therefore, for suppressing the glass 
deformation and the shrinkage accompanying the glass structure 
stabilization to a minimal, it should possess a high strain 
point. 

(3) It should possess a sufficient chemical durabilities 
against the various chemicals to be used in the semiconductor 
forming. Especially, it should possess durability against 
hydrofluoric acid (for etching SiO x and or SiN x ) , the buffered 
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hydrofluoric acid (BHF) composed of ammonium fluoride as major 
component. . 

(4) It should contain no internal and surface defects (bubble, 
stria, inclusion, pit, scratch, etc.). 

[0004] Hitherto, as the substrate glass for various displays 
and/or photomasks, corning Code 7059 has been widely used. 
However, this glass as display had the insufficient points shown 
below. 

[0005] (l) Since its strain point is low, 593°C, for lowering 
the glass shrinkage during the display production process, a 
preheat treatment has to be performed before the production 
process . 

(2) The extracted amount by hydrochloric acid, etc. used in the 
etching of metal electrodes and/or transparent conductive films 
(ITO, etc.) is large; this could cause difficulty in the display 
preparation since the extracted materials can recrystallize 
during the display preparation process. 

[0006] In addition to the aforementioned requirements, in 
recent years, accompanying the larger size of display, two more 
new requirements listed below are being demanded. 
[0007] (1) The density of the aforementioned Code 7059 is 2.76 
g/cc. For achieving further lighter weight, it is necessary to 
achieve one with smaller density. 

(2) The thermal expansion coefficient of the aforementioned Code 
7059 is 46 x 10" 7 . For raising the temperature rising rate 
during the display production to enhance the production 
efficiency, it is necessary to achieve one with smaller thermal 
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expansion coefficient. 

[0008] Relative to B^, the one containing at 20—23 

cation % has been revealed in Patent Disclosure 1-160844 (1989). 
However, it is high in B^ amount and the strain point is not 
sufficiently high. In Patent Disclosure 61-281041 (1986), 
Patent Disclosure 4-175242 (1992) and Patent Disclosure 4-325435 
(1992), those containing B 2 0 3 in the amounts of 0.1--4 wt% , 
0.1—5 mol* and 0—3 wt%, respectively have been revealed. 
However, the B a 0 3 amount is small and the durability against BHF 
is not sufficient. 

[0009] Relative to BaO, in Patent Disclosure 4-325434 (1992), 
Patent Disclosure 63-74935 (1988) and Patent Disclosure 

59- 169953 (1984), those containing BaO in the amounts of 10—20 
wt%, 10-22 wt% and 15-40 wt%, respectively, have been revealed. 
However, the BaO amount is high and their thermal expansion 
coefficient is large. 

[0010] Relative to MgO, in Patent Disclosure 61-132536 (1986), 
Patent Disclosure 59-116147 (1984) and Patent Disclosure 

60- 71540 (1985), and Patent Disclosure 60-42246 (1985), those 
containing MgO in the amounts of 6.5-12 wt%, 5-15 wt%, 5-17 
wt%, and 10-25 mol%, respectively, have been revealed. However, 
glasses containing high MgO tend to cause phase separation. 
[0011] Relative to CaO, in Patent Disclosure 63-176332 (19788), 
Patent Disclosure 58-32038 (1983), Patent Disclosure 2-133334 
(1990), Patent Disclosure 3-174336 (1991), Patent Disclosure 
6-40739 (1994) and Patent Disclosure 5-201744 (1993), those 
containing CaO in the amount of 11-25 wt%, CaO 7-20 mol%, CaO 
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8-i5 wt%, CaO 7-12 wt%, CaO 10-12 wt% and CaO more than 18 
cationt.' respectively, have been revealed. However, since they 
contain CaO in larger amount, there is a tendency that the 
thermal expansion would become larger. 

[0012] Relative to A1 2 0 J# in Patent Disclosure 61-236631 
(1986), a glass containing Al^ in the amount of 22.5-35 wt% 
has been revealed. However, a large amount of Al 2 0 3 would be 
dissolved into the hydrochloric acid, etc. solutions (during the 
process) . 

[0013] Relative to P 2 0 5 , in Patent Disclosure 61-261232 (1986), 
a glass containing P 2 O s have been revealed. However, it would 
degrade the semiconductor property of the thin film; thus this 
is not desirable. 
[0014] 

[The Problem to be Solved by the Invention] And a glass which 
possesses strain point of higher than 640°C (Translator' note: 
Bold parts was not printed in the Japanese text: an obvious 
error), thermal expansion coefficient of 30-45 x itT 7 / 0 C above 
640°C could be the strain point due to misprinting) and density 
of below 2.70 g/cc is revealed in Patent Disclosure 6-263473 
(1994). However, when this glass is prepared by the normal 
batching preparation, melting and forming method and applied for 
high precision polysilicon type TFT, in some cases a 
sufficiently good performance of transistor could not be 
obtained . 

[0015] The objective of the present invention is to solve the 
aforementioned shortcoming and to provide a non-alkali glass 
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which possesses strain point * 640°C, smaller thermal expansion 
coefficient and density and would not become cloudy by BHF; it 
is also superior in acid durability and easier in melting & 
forming; and it can be formed by float forming method. 
[0016] 

[The Means Used to Solve the Problem] The present invention is 
a non-alkali glass which is essentially composed of, expressed 
in mol %: SiQ 2 : 60-72%, Al^: 5-16%, : 5-less than 10%, 

MgO: 0-6%, CaO: 0-2.5%, SrO: 1-9%, BaO: 1-5% and MgO + CaO + SrO 
+ BaO: 7-18%. 
[0017] 

[Form of Implementation of the Invention] The non-alkali glass 
of the present invention contains essentially no alkali metal 
oxide (for example Na 2 0, K 2 0, etc.). In concrete term, the 
total of the alkali metal oxides is set to be less than 0.5 wW, 
preferably below 0.2 wt%. 

[0018] Next the reasons for limiting the composition ranges for 
each component as above are illustrated. 

[0019] When the content of Si0 2 is less than 60 mol%, the 
strain point cannot be raised sufficiently, the chemical 
durability would be degraded and the thermal expansion 
coefficient would be increased. When it is more than 72 mol%, 
the meltability would be lowered and the devitrification 
temperature would rise. The preferable range is 66 to 70 mol%. 
[0020] A1 2 0 3 suppresses the phase separation of the glass, 
lowers the thermal expansion and raises the strain point. When 
its content is less than 5 mol*. these effects would, not be 
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achieved and when it exceeds 16 mol%, the glass meltability 
would become poor. The preferable range is 9 to 14 mol%. 
[0021] B 2 0 3 prevents the occurrence of cloudy appearance by BHF 
and can achieve lowering of the thermal expansion coefficient 
and the density without raising the viscosity at high high 
temperature (range) . When its content is less than 5 mol%, the 
BHF (durability) would be degraded and when it is more than 10 
mol%, the acid durability would become poor. The preferable 
range is 6 to 9 mol% . 

[0022] MgO is not an essential component. However, of the 
alkaline earth metal oxides, MgO can be included to lower the 
thermal expansion coefficient without lowering the strain point. 
When its content exceeds 6 mol%, clouding by BHF and/or glass 
phase separation would easily occur. The preferable range is 1 
to 5 mol%. 

[002 3] cao is not an essential component. However, its 
inclusion would improve the meltability of the glass. When its 
content exceeds 2.5 mol%, there would be an worry of degrading 
the property (performance) of high precision polysilicon TFT. 
[0024] in recent years, against the amorphous silicon type TFT 
already commercialized as liquid crystal display device, the 
polysilicon type TFT had been proposed and is being employed. 
In the polysilicon type TFT, there are advantages that (l) easy 
moving level of transistor can be raised so that the control 
time per 1 picture element would not be too short, and the LCD 
can be made in higher precision (2) to the circumference of the 
picture face, the IC for driving can be mounted. On the other 
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hand, during the production process, a stronger heat-treatment 
(for example, 500— 600°C x several hours) would become 
necessary. At this high temperature, the impurities in the 
glass would diffuse into TFT to increase the leak current; this 
would degrade the TFT performance and there would be worry that 
high precision TFT preparation would become difficult. 
[0025] Among this kind of impurities, the most problematic one 
is the phosphorus in the lime stone used as CaO raw material. 
Therefore, it is desirable that phosphorous is essentially not 
contained in the non-alkali glass of the present invention. For 
decreasing the phosphorus in the glass, a high purity raw 
material lower in phosphorus impurity can be considered; 
however, this is disadvantageous in cost. 

[0026] In the present invention, the CaO content was set to be 
less than 2.5 mol%; as a result, without degrading the TFT 
performance, a glass substrate possessing superior property for 
liquid crystal display panel can be obtained. The preferable 
range of CaO is below 1.5 mol%; it is even better if it is 
essentially not contained. 

[0027] SrO suppresses the phase separation of the glass. Since 
it is a relatively useful component against the clouding by BHF, 
it is contained for more than 1 mol%. When its content exceeds 
9 mol%, the thermal expansion coefficient would increase. The 
preferable range is from 2 to 8 mol%. 

[0028] BaO suppresses the phase separation of the glass and is 
effective in enhancing the meltability and suppressing the 
devitrification temperature. Therefore, it is considered to be 
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essential in the present invention. When it exceeds 5 mol%, the 
thermal expansion coefficient would increase and the acid 
resistance, etc. chemical durabilities would be degraded. 
[0029] Relative to MgO + CaO + SrO + BaO, when their total 
amount is less than 7 mol%, the melting would become difficult. 
When it exceeds 18 mol%, the density would become large. The 
preferable range is 9 to 16 mol%. 

[0030] In the present invention, since there is a worry that 
phosphorus could degrade the TFT performance, it is preferable 
that it essentially contains no phosphorus. 
[0031] In addition to the aforementioned components, for 
improving the meltability and clarity of the glass, and for 
improving forming, ZnO, SQ 3 , F, CI can be added to the glass of 
the present invention for a total amount of less than 5 mol%. 
[0032] And if PbO, As 2 0 3 and Sb^ are included, the treatment 
steps of the glass cullet would increase; therefore, excepting 
those unavoidable contaminants, it is preferable not to contain 
them. 

[0033] Accordingly, the more desirable glass compositions of 
the present invention is essentially composed of, expressed in 
mol %: Si0 2 : 66-70%, Al^: 9-14%, : 6-9%, MgO: 1-5%, SrO: 

2-8%, BaO: 1-5%, MgO + SrO + BaO: 9-16%, and it contains 
essentially no phosphorus and CaO. 

[0034] The glass of the present invention is that preferably 
the strain point is higher than 640°C; even better to be more 
than 650°C. And preferably the thermal expansion coefficient is 
30 x io" 7 /°c— 45 x 10" 7 /°C; even better to be 30 x 10 _7 /°C— 40 x 
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10" 7 /°C Furthermore, preferably, the density is below 2.7 
g/cc; even better to be below 2.65 g/cc. 

[00 35] The glass of the present invention can be manufactured 
by the following method. Namely, the raw materials of each 
component normally employed are mixed and this is continuously 
thrown into the melting furnace and melted by heating to 
1500— 1600°C The molten glass is formed to a prescribed plate 
thickness by the float method; it is gradually cooled and then 

cut . 
[0036] 

[Implementation Example] Raw materials for each component are 
mixed to become the targeted compositions and melted at 
temperature of 1500— 1600°c using a platinum crucible. In the 
melting, a platinum stirrer was used for. agitation to homogenize 
the glass. Next, the molten glass was flowed out and formed to 
a plate shape and then gradually cooled. 

[0037] In Table 1 and 2, the obtained glass compositions, 
thermal expansion coefficients, high temperature viscosities, 
devitrification temperatures, strain points, densities, acid 
durabilities, BHF durabilities, and leak currents (TFT 
performance) are shown. Examples 1— 10 are implementation 
examples; Examples 11—13 are comparison examples. 
[0038] The thermal expansion coefficient is shown by unit: 
10~ 7 /°C; the high temperature viscosity is shown by the 
temperatures (unit: °c) when the viscosity would become 10 2 and 
10 4 poise; the devitrification temperature is shown by unit: °C; 
and the density is shown by unit: g/cc. The strain point (unit: 
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°C) was measured according to the JIS R3103 method. 
[003 9] The acid durability is shown by the weight loss per unit 
area (unit: mg/cm 2 ) after soaking in 0.1 Normal HCl at 90°C for 
20 hours. It is preferable that the acid durability is below 
0.3 mg/cm 2 , especially below 0.2 mg/cm . 

[0040] The BHF durability is shown by the weight loss per unit 
area (unit: mg/cm 2 ) after soaking in NH^F/HF mixed liquid 
(the mixed liquid of 40 wt% NH^F aqueous solution and 50 wt% HF 
aqueous solution at 9: 1 volume ratio) at 25°C for 20 minutes. 
It is preferable that the BHF durability is below 0.7 mg/cm , 

/ 2 

especially below 0.6 rog/cm . 

[0041] The TFT performance was measured for Example 1, 2 and 10 
through 12. Namely, an electrode of 10 urn length polysilicon 
type TFT was prepared on the glass substrate and the leak 
current (unit: pA) was measured when the gate voltage was set at 
-5 V, source voltage at 0 V and drain voltage at +10 V. It is ^ 
preferable that the leak current is below several pA level. 
[0042] Example 1 through 10 show low thermal expansion 
coefficients of 30—40 x 10 -7 /°C and high values of strain 
points, more than 630°C; thus they can sufficiently withstand 
high temperature treatment. The densities were less than 2.70 
g/cc which is smaller than that of Corning Code 7059 (2.76 
g/cc) . Relative to chemical performance, the cloudiness is 
difficult to be formed by BHF and the acid resistance is also 
superior. The temperature equivalent to 10 2 poise (indicator 
for melting) is relatively low; thus the melting is easy. The 
relationship of the temperature equivalent to 10 4 poise 
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(indicator for formability) and the devitrification temperature 
is also good; thus it can be considered that there would be no 
trouble of devitrification occurring during the forming. 
[0043] Furthermore, relative to TFT performance, the leak 
current is less than 10 pA; thus it can sufficiently withstand 
the high integration of TFT of the recent years. 
[0044] On the other hand, in Example 11 through 13, the leak 
currents are in the range from ten-some to several ten pA; thus 
they can become problematic for increasing integration of TFT. 
[0045] 
Table 1 





Example No- 


i 


2 


3 


4 


5 


6 


7 


8 




SiO, Mcfl 'X 


69.0 


69.0 


67.0 


70.0 


68.0 


70.2 


68.4 


66.0 




A 1,0, 


11.0 


11.0 


13.0 


10.0 


12.0 


12.0 


11.2 


12.0 




fed 


8.0 


8.0 


8.0 


8.0 


9.0 


9.8 


7.1 


7.0 




MgO 


2.0 


2.0 


2.0 


2.0 


2.0 


1.0 


3.1 


4.0 




CaO 


0-0 


2.0 


2.0 


. 2.0 


1.0 


2.0 


1.0 


2.0 




SrO 


5.0 


4.0 


4.0 


4-0 


4.0 


2.0 


4.6 


4.6 




BaO 


5.0 


4.0 


4.0 


4.0 


4.0 


3.0 


4.6 


4.5 




HgOKa(HS/0+BaO 


12.0 


12.0 


12.0 


12.0 


11.0 


8.0 


13.3 


15.0 


Thermo. Exp. 


Coef f . 


37 


37 


37 


37 


34 


30 


33 


39 


High Temp. Viscosity 










1720 


1780 


1650 


1720 


lO, Poise 


1700 


1730 


1720 


1740 


10 Poise 


1370 


1360 


1330 


1360 


1350 


1370 


1350 


1300 


Devitrification Temp. 


1320 


1320 


1220 


1350 


1310 


1310 


1320 


1290 


Strain Point 




670 


670 


660 


650 


650 


666 


676 


650 


Density 




2.59 


2.66 


2.66 


2.54 


2.63 


2. 42 


2.61 


2.62 


Acid Resistance 


0.14 


0.11 


0.U 


0.08 


0.24 


0.28 


0.09 


0.08 


BHF Resistance 


0.55 


0.54 


0.55 


0.52 


0.51 


0.49 


0.63 


0.69 


Leak Current 




2 


8 
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[0046] 
Table 2 



Example No 



1 0 



1 1 



1 2 



Thermo. Exp. coeff. 
High Temp. Viscosity 

10^ Poise 

10 Poise 
Devitrification Temp 
Strain Point 
Density 

Acid Resistance 
BHF Resistance 
Leak current 



1700 
1290 
1290 
660 
2.65 
0.07 
0.60 



40 

1760 
1320 
1240 
670 
2.62 
0.06 
0.51 



36 

1740 
13G0 
1330 

670 
2.61 
0.10 
0.63 

15 



35 

1750 
1340 
1300 

676 
2.47 
0.10 
0.53 

30 



1 3 



S10, M°l ■% 6S.0 71.0 69.0 69.0 69.0 

A1,0. 13.0 8.0 11.0 11.0 11.0 

BjOj 6.0 8.0 8.0 8.0 8.0 

HgO 4.0 1.0 2.0 2.0 0.0 

CaO 2.0 0.0 4.0 6.0 8.0 

SrO 6.0 7.0 3.0 2.0 2.0 

BaO 4.0 5.0 3.0 2.0 2.0 

MsOKBWrOTaO 16.0 13.0 12.0 12.0 12.0 



37 

1760 
1340 
1300 

680 
2.49 
0.09 
0.55 

50 
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[0047] 

[Effect of the Invention] The glass based on the present 
invention can be formed by the float method. And it is 
difficult to become cloudy by BHF, superior in acid durability 
and high in thermal resistance; it possesses low thermal 
expansion coefficient. Therefore, it is suitable as substrate 
for display and as photomask. It is especially suitable as TFT 
type display substrate, etc. since bad effect on the TFT 
performance could not occur easily. 
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[0 0 0 7] (1) ±!E = — K7 0 5 9#9*<046ffiH 

2. 76g/ cc -c*^ * feicigfi^srigafcib*^ 

oo/h £ v ^ <o#s&B-cfo 5 0 

(2) ±fS3- K7 0 5 9lf7^(DmB^W^4 6 X 

[0 0 0 8] B2 03 \cm bTH\ WfS¥ 1-1608 
4 4 (C(±B2 03 £ 2 0 - 2 3^fty%^ff5^ 

^Ba^^tiTv^s^, B2 03 m&£><m&&ftft\c\z 

fo< f£\f\ «M»BS6 1-2 8 1 0 4 1 03 £ 

0. l-4li%, 7 5 2 4 2tdHB2 O 

3 £0. 1 -5^e^% N #M¥4-3 2 5 4 3 5fCteB 

2 03 £0-3fii;%, ^#+5fc<0tfS|!B;^£;KTV^ 
2\ B2 03 ffl;&5/>fc< BHFl^-t5B^tt^5>-e 

[0 0 0 9] BaOCSUH ffl¥4-3 2 5 4 3 
4(CteBaO£rl 0-2 011%, 4$BP8 6 3-7 4 9 

3 5^t^B a 0£ 1 0-2 2®ffi;%, 1#B8BB5 9-1 6 
9 9 5 3{^t^B a 0& 1 5-4 OttS%, *a^Pf 5 fccO 

[0 0 10] MgOKBILTfi, #flBg6 1-13 2 5 
36C|j:Mg0^6. 5-1 2fflffl%, *SfBHHB 5 9-1 
16 14 7C(iMg0^5-l 5fflft%, *SfBBHB6 0- 
7 15 4 O^f^Mg 0^5 - 1 7H% S ^MBS6 0- 

4 2 2 4 6iC|iMgO$:l 0 — 2 5^e/u%, lifcir&t 

[00 11] CaO^BSLTtt, #MBS6 3-1 7 6 3 
3 2 \C\ZC aO^l 1—2 5fiS%, JRr^Bg 5 8-3 2 
0 3 8(dfiC a 0^:7 — 2 O^eyi-%, 4SBflsp2-l 3 3 



(3) 



6 9 5 3 8 



3 3 4 IU%C a0^8-l 5li%, ^^Ip3- .1 7 4 
3 3 6Clj:Ca0^7-l 2|gS%, ^l?6-4 0 7 
3 9\atC a 0& 10-1 2li%, ^BB¥5-2 0 1 
7 4 4l:iiCaOS:18*f*y%H±, ^^£1>cd 

[ 0 0 1 2 ] A 1 2 03 {cm LXtt, WBBBg 6 1-23 
6 6 3 1 latA 12 03 ^22. 5-35 fiS%, "a W 
-T^^^^F^^^tlXV^^, A 12 03 

[0 0 13] P2 05 (cBBLTtt, 4§BBBS6 1-261 
2 3 2, #BBBg6 3-1 1 5 4 3, {C\ZP 2 OS 

[0 0 14] 

[#«##ftLJ:5i^5Sl8] Sfc, 6 4 0°C«± 
T\ ftieggftfRtf 3 0-45X1 crVC, »2. 7 

0 g/c c^T<0#7X^ #PJ¥6-2 6 3 4 7 3C 

[0015] #*W<0 B Wtt, ±ffi^^S:*ftr « i t 
fcC £&#6 4 0^±-C\ #Mt^I«, 

<, BHFici:^ aw**^ s-r , mmm<om&^(om 

[0 0 16] 

^WWC S i 02 : 6 0-7 2%, A 12 03 : 5- 

1 6 %, B2 03 : 5-1 0 %*jS, M g O : 0-6 
%, C a O : 0 — 2 . 5 %, S r O : 1 — 9 %, B a 
O: 1—5%, MgO+CaO+SrO+BaO: 7- 

[0017] 

#y&JK$Hfc^ (09;itfNa2 O, K2 Oft if) £HJ{ 
ffcfe^jgifiT- 0 . 5fiffi%«T\ i 1 Pff^L<^0. 2 
[0018] &f;i±SE<z>ji «9 #^©iBfig«Sll4r|iS^ L 
[0019] S i 02 \t^(D^m^6 0%*/l>%ffiX 

ML, *MS3g«»asJfi;*:-t-5 0 7 2^/u%g-mj$« 
6 6-7 0^^%T*&>6 0 

[0 0 2 0] A 12 03 l3#7*^>tStt£»JU SfR 



x<D>mftmtf&<tiZ>o £9*7-£Lv^Hte9- i 4*- 
[0 0 2 1 ] B2 03 «BHF |c J:S6««^4:BS± 
T£if J&-C# 5 0 * 5 *yu%*j«THB H F 

!9if * LV^K5iatt6~9*/w%-Cfe5 0 

[0022] m g o^^^-cfi^v^s, r^* y ± 

6 ^/u%fi"Cfi: B H F (C J; 5 & ffl^tfy * OSMBtfS^ C 
J ? a 1"<ft5o <t9 4J*L^«ilil(il^5^e^%TfoSo 
[0023] c a ojiiK^^rtifti^s-^^r-rsc: t 

2. 5^%g^tti@iajttl^y ->y =VTFT<04#ttS: 

[0024] fi^, LT1--Cfcifiii&fci* 

*VCV^S 7*^:7 7*^ a^^^TFTSffiffl L 

^, (i) vy^^^^(D^mm^yjfb^(DX\ im 
mfotc *) (Dmmmmtm< l c oomnmit^ 
mttez. (2) mmmm\z.mw)m\c&mm-tzzk 

V^to3ffi (Mill 5 0 0-6 0 0txf« as&g 

Tict£»LT, y-^msEas**, TFT^gfts 

-B\ i85»»OTFTf^fiJS:SlU<-t"Si3-tix^*5o 

[0 0 2 5] CWct'^^TFiffift-Cto^fcRajga^fiS 
^(i, C a CXDmnt LX$.m£tl%^f>K^ty<D}) ^X 

v \*nwtih i-^a * v ^ r t tm * l v\ 5 ^ * y 

[0 0 2 61 CaO^M2. 

#^ti5 0 CaOcoJ: ^)ff4 LV^EHlii . 5^e/u%iW 

[0 0 2 7] S r Ofi^^^^ffiSrflJfBJL, BHFC 

[0 0 2 8] Ba0li^7^O»tt*W]U 
[0029] MgO + CaO+SrO + BaOlt 

&m>7 *^%-Mffixnmm$:mm^$^z>o 1 
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%mx\m&ft±% < fca 0 J: «9 #* UMffifflt* 9 - l 
[o o 3 o] &mmx\$, v >\zTFT!$&%mk£-& 

[0 0 3 1 ] *3SK^^7^tt±Efilc^^|C^7^CC) 
iSStt, J^te*efe§1-Sfc», ZnO, SO 
3 , F, CI ^fefi-C5^/U%J^T^J[J-C^5 0 
[0 0 3 2] PbO, A s2 03 XtfS b2 03 

[0 0 3 3] ^< LTs *«WC0«t 9ftf*L^^7^C0 

ffij^te, ^e^%^x^HWi-, s i ce : 66-70 

% s A l 2 03 : 9-1 4 %, B2 03 : 6 - 9 %, M 
g O : 1 — 5 %, SrO: 2 - 8 %, B a O : 1-5 
%, MgO+SrO + BaO: 9-16%^b4^ V 

[0 0 3 4] *«W<7)^f7^«, 4 O'CfiJUrC 

*5rt^ffiL<, J:!9i?*L<tt6 5 O'CEJLb'Cfc 
So *M83B«»^ 3 0X1 (rVC-4 5X10 

"Vttfe5r^W«l<, J:i£)»4U<fi3 ox i 

0- 7 /t-4 0X10- 7 /t-Cfc^ Sfcfcl, ffift2. 

H2. 6 5 g/c cJ£TpCfc* 0 

[0 0 3 5] *3SW^^f7Xf±, fi»Jx.tf»c(OJ:5**fe 

1- SAl, 1 5 0 0~1 6 0 0lCt^PjRLTj®iK1-5 o 
[0 0 3 6] 

l> fi^EttfijSSrfflv^T 1 5 0 0-160 O'CoojaKT-tS 
[0 0 3 7]*1-2M, ZoLX'&htitttfyxm 

iBHFfi, y-^m^c (TFTriffi %^i- 0 

«l 1 ~ 1 0 «Hlfiffi|, fi»J 1 1-13 f*JtiR0!lT**5 o 



[0 0 3 8] fifl^I^ic^-Wi : i crVt-c^u 9! 
?attiS»ittft'^ l o 2 , l o 4 #>TXi:>i5&K (¥ 

ffi : g / c c X^ Ltz 0 (m& : *C) J IS R 

3 i o 3i:aotiB$Lfco 

[0 0 3 9] Uttft 9 0°CO0. l&^HCl* 

ic 2 0f^1g»m^WSfflfcfc «9 OMMM'PA (* 

{4 : mg/cm 2 ) X^Lfd 0 HBM4(iO. 3 m g/c 
m 2 KT> WKttO. 2mg/cm 2 J£A"F N t 

[0 0 4 0] iBHFffift NH1 F/HFg$ (4 0 
ffift%NH4 FTkSJRi: 5 Offifl[%HF*gffiirSrfls:ffl 
it"? 9 : UCffi-g-LfcMO *M2 5tt2 0#g8HftCD 
¥ffiESfcfc 9 ^ffiffl^^ffl : m g / c n? ) "C 

^Ifc |BHFSfj:0. 7mg/cn? £JIT, «F(-« 
0. 6mg/cm 2 OT, T'fc5:<l:««U\ 

[0 0 4 1 ] T F T*3M4te, #4 1 , 2 , 

vfcLfcfcteoy-^SSIE OMfc: p A) £$iJ&Lfc 0 

[0 0 4 2] «1 1 -1 0<DtfyX\* y f»B836«l»« 3 0 
-40X1 O-V^^fiV^ttSr^L, £/£f*6 3 0U; 

«£t>2. 7 0g/cc*a^*©3-^3-K 
7 0 5 9^7^^)2. 7 6 g/c c «fc <9'h£V\, 

¥fmzmLXhBHF^j:V)&m*tkClc< < s Httf£ 
fct>ffi*i5 0 »lg^^l 0 2 7JWX(c:tBSi-5 

imi>&mm&<mm®%xh*) , tm&vB&tte 
z> 1 o 4 #4 x{ctt%tzu&t&mu&<Dm&hm 

X\ fmmz&m&±J&1rZ>t!:i:*<D h7^Wi^% 
[0 0 4 3] TFT»o^tH y-^« 

[0044] --Jj\ mi 1-1 3tt\ y-^safcaH-S: 
lot, rastftb 55 0 

[0 0 4 5] 
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1 


2 


3 


4 


5 


6 


7 


8 


SiQa =E)V96 


69.0 


69.0 


67.0 


70.0 


68.0 


70.2 


68.4 


66.0 


Al s Oa 


11.0 


11.0 


13.0 


10.0 


12.0 


12.0 


11.2 


12.0 


B3O3 


8.0 


8.0 


8.0 


8.0 


9.0 


9.8 


7.1 


7.0 


MgO 


2.0 


2.0 


2.0 


2.0 


2.0 


1.0 


3.1 


4.0 


CaO 


0.0 


2.0 


2.0 


2.0 


1.0 


2.0 


1.0 


2.0 


SrO 


5.0 


4.0 


4.0 


4.0 


4.0 


2.0 


4.6 


4.5 


BaO 


5.0 


4.0 


4.0 


4.0 


4.0 


3.0 


4.6 


4.5 


MgOKaO+SrO+BaO 


12.0 


12.0 


12.0 


12.0 


11.0 


8.0 


13.3 


15.0 


immm. 


37 


37 


37 


37 


34 


30 


33 


39 


1 0* 


1700 


1730 


1720 


1740 


1720 


1780 


1650 


1720 


1 0 4 jJWX 


1370 


1360 


1330 


1360 


1350 


1370 


1350 


1300 




1320 


1320 


1320 


1350 


1310 


1310 


1320 


1290 




670 


670 


660 


650 


650 


665 


675 


650 




2.59 


2.55 


2.56 


2,54 


2. 53 


2.42 


2. 61 


2. 62 


Bus 


0.14 


0.11 


0. 12 


0.08 


0.24 


0. 28 


0.09 


0.08 


iBHFtt 


0.55 


0.54 


0. 55 


0. 52 


0. 51 


0.49 


0. 53 


0. 59 


U-iMKft 


2 


8 















[0 0 4 8] 



[0 0 4 7] 



[0 0 4 6] 
[*2] 

mm 



SiQ, 

AUOs 

&0, 



CaO 
SrO 
BaO 

Mg0+Ca0*Sr0*Ba0 



1 o 2 awx 
10 4 #-rx 



StBHFtt 



65.0 
13.0 
6.0 
4.0 
2.0 
6.0 
4.0 
16.0 

39 

1700 
1290 
1290 
660 
2.65 
0.07 
0.60 



1 0 

71.0 
8.0 
8.0 
1.0 
0.0 
7.0 
5.0 

13.0 

40 

1760 
1320 
1240 
670 
2.62 
0.06 
0.51 



1 1 

69.0 
11.0 
8.0 
2.0 
4.0 
3.0 
3.0 
12.0 

36 

1740 
1350 
1330 

670 
2.51 
0. 10 
0.53 

15 



1 2 

69.0 
11.0 
8.0 
2.0 
6.0 
2.0 
2.0 
12.0 

35 

1750 
1340 
1300 

675 
2.47 
0. 10 
0. 53 

30 



1 3 

69.0 
11.0 
8.0 
0.0 
8.0 
2.0 
2.0 
12.0 

37 

1760 
1340 
1300 

680 
2.49 
0. 09 
0.55 

50 



